Sugarcane growing area in Brazil sharply expanded between 2000 and 2010 due to the increasing world demand for sugar and ethanol. Since this expansion of sugarcane is said to occur in areas covered by degraded pastures, it is likely not threatening the environment or food production. In order to verify this assumption, we investigate at farm and field levels which types of land use sugarcane cropping replaced between 2005 and 2010 and the reasons for farmers shifting or not shifting to sugarcane, as a case study in two counties in the state of Goiás. Within the studied period, sugarcane cropping expansion was related to large farms, lower risk perceived by farmers, and higher profitability compared with soybean and beef cattle-raising. For smallholders, particularly dairy farmers, the need to comply with the set-aside rules under Brazilian Forest Code (Código Florestal Brasileiro) made a shift to sugarcane less attractive, as it would have forced them to reduce farm cultivable area, with loss of incomes. From 30,408 ha under sugarcane surveyed, 45.7% had used to be pastures, 31% had previously been pastures rotated with soybean and maize, and 23.3% had been cropped exclusively with soybean or maize.
INTRODUCTION
The area cropped with sugarcane in Brazil expanded by 4.3 million ha in 2000 to 9.1 million ha in 2011 (IBGE 2012) . This sharp increase can be attributed to three factors: the introduction of flex-fuel car engines in 2003, which can run with any proportion of gasoline and ethanol; restrictions imposed on export of subsidized sugar from the European Union (WTO 2005) , opening new markets for Brazilian sugar; and the increasing price of sugar in the international market (Trostle et al. 2011 ). Yet aside from these benefits, sugarcane is an intrinsically appealing crop: it is a flexible crop that allows companies to shift production in the direction of more sugar or more ethanol depending which one presents better prices; at the same time, sugarcane production generates a profitable surplus of electricity through bagasse burning, which is delivered to the country's national grid (Seabra and Macedo 2011) . At the national level, sugarcane expansion can be argued to have had little impact on land use and land use change, as it occupies only 2.4% of Brazil farming land (IBGE 2012) . However, at local levels this scenario is quite different, as sugarcane can occupy up to 70% of a county's land area devoted to farming, such as in Sertãozinho, in the state of São Paulo (CANASAT 2013) , competing for land with other agricultural activities as soybean, maize and cattle raising.
Although São Paulo State embraces 60% of Brazil's sugarcane area and accounts for most of its recent expansion (IBGE 2012) , beginning in 2005 sugarcane cropping started to move towards Central Brazil, particularly to the state of Goiás, which is largely covered by the Cerrado biome (IBGE 2012) . Cerrado is savannah-type vegetation dominated by extensive flat areas, ideal for mechanization and highly suitable for large scale cropping and cattle-raising due to its soils and climate. As a result, from 204 million ha originally covered by Cerrado vegetation, 99 million ha are currently in use for cropping and pastures (IBGE 2010) . High prices for buying and leasing land in São Paulo state (IEA 2012), plus governmental incentives such as subsidized loans and tax exemptions to sugarcane mills in Goiás (Zopelari and Teixeira 2011), are important drivers for its expansion in Goiás. The state has 12.6 million ha of land suitable for sugarcane cropping (excluding areas under natural vegetation), of which 7.8 million ha are under pasture and 4.8 million ha are under crops (Manzatto et al. 2009 ), mostly soybean and maize. As up to 80% of the pastures in the Cerrado are degraded to some degree (Barcelos 1996 , Miranda 2001 ) and poorly profitable (Yokoyama et al. 1999 ) it has been assumed that sugarcane expansion would mostly replace degraded pastures (O Estado de São Paulo 2011a , CGEE 2012 . This strong, fast expansion of sugarcane between 2000 and 2011 also raised concerns about its impact on smallholders, who are responsible for 87%, 70%, and 58% of Brazilian production of cassava, beans and milk, respectively (MDS 2009). Therefore, this paper aims to empirically evaluate where sugarcane expansion is taking place and the reasons triggering this shift from the farmers' perspective.
MATERIALS AND METHODS

SITE DESCRIPTION
This case study research took place in the counties of Quirinópolis and Gouvelândia counties (Figure 1) There is a hot, rainy summer and a dry, cool winter, with annual average temperature ranging from 20 to 22 ºC (INMET 2012) . More than 90% of the rain (1,700 ± 200 mm annually) occurs between September and April. Traditionally, Quirinópolis and Gouvelândia have been important producers of soybean, maize, beef, and milk, with a total cattle herd of around 367,000 head (IBGE 2012) over the last 40 years. Two sugar mills were built in Quirinópolis near the border with Gouvelândia, county triggering an expansion of 80,800 ha in sugarcane-cropped area between (CANASAT 2013 ) with plans to crop another 70,000 ha in the future (O Estado de São Paulo 2011b). Although there is no official data, the local extension services office (Emater-GO) estimates that original vegetation covers up to 5% (23,000 ha) in both counties distributed in scattered spots, mostly with no more than one contiguous hectare.
FARMERS AND FARM SURVEYS
Two field surveys were conducted in both counties. In the first, farmers were interviewed using a semistructured questionnaire between April and June 2009 in order to understand the reasons for their shift
or lack of shift to sugarcane cropping. According to a dataset provided by INCRA (Instituto Nacional de Colonização e Reforma Agrária -National Institute for Land Settlement and Agrarian Reform, Brazil), 82% of the farms (2,199) in Quirinópolis and Gouvelândia have less than 200 ha, accounting for 30% (123,603 ha) of both counties' total area. The remaining 18% includes 487 farms covering 299,600 ha. In this study, we define as "small farms" the ones with less than 200 ha in which owners live on the property and have in agriculture their main source of income. Farms smaller than 200 ha that do not fit this definition were considered to be "investor farms" and not included as small farm. Due to the complex logistics involved in this study (large distance between farms, frequent absence of landowners, resistance to being interviewed), we set out to interview a limited number of farmers, 60, over the 90 days available for this survey.
As we were interested in capturing the highest diversity of farmers and their motives, the sampled farmers were distributed over all sub-regions of the counties (namely, Sete Lagoas, Confusão do Rio Preto, Guarirobas, Serra da Fortaleza, Paredão, Salgado, and Castelo). For each sub-region, a "central farm" was picked randomly; from this farm, neighboring farmers in all directions were visited and interviewed when possible. The second survey was conducted in January and February 2010, exclusively on farms engaged with sugarcane production in that year in order to establish their land use in terms of sugarcane cropping over the five previous years.
There are no official annual data about pasture area in the studied counties. Therefore, we estimated pasture area indirectly: For each studied year, areas cropped with soybean, maize, and sugarcane plus estimated area covered in natural vegetation (23,000 ha) and infrastructure and urban areas (10,000 ha) were subtracted from the total area of Quirinópolis and Gouvelândia counties (460,000 ha).
RESULTS AND DISCUSSION
FARMER INTERVIEWS
Of the 60 farmers targeted by the first field survey, 41 were interviewed; their farms embraced 20,918 ha; the other farmers could not be reached or declined to be interviewed. Of the 41 interviewed farmers, 24 were considered small (< 200 ha), embracing 2,510 ha in all, while 17 were large farmers, owning 18,408 ha. Individual farms areas ranged from 29 to 6,240 ha, all of them under one or more of four agricultural activities: dairy and beef cattle-raising and soybean, maize, or sugarcane cropping (Table  I ). In general, milk production prevails at small farms while beef cattle and cropping are the main activities at large farms.
Of the interviewed farmers, 54%, 17% and 29% considered their soil or pasture to be "not degraded," "partially degraded," and "degraded," respectively. Pasture and/or soil degradation was not mentioned by farmers as a reason for land use change; thus, it is unlikely that sugarcane expansion is occurring due to or preferentially over degraded pastures.
The interviewed farmers expressed higher risk perception and lower profitability as reasons to quit soybean and maize cropping and shift to sugarcane cropping. This finding is reinforced by the fact that in both counties soybean was profitable in Due to the fall in the real, and the fact that agricultural input prices, such as fertilizers and agrochemicals, are largely US dollar-based, (Figure 3) . Hence, since sugarcane area is still expanding and there is no land to be deforested, this late expansion has to be occurring over pastures. Sugarcane cropping has promised higher profitability and relatively lower risk for the landowner, explaining its continuous expansion in the studied counties. However, this promise differs depending on the type of contract made with sugarcane mills: Land can be leased to the sugarcane mill, or the farmer can be an independent supplier of sugarcane. For leased areas, the sugarcane mill is responsible for all operations, from planting to harvesting, in contracts of six to seven years (equivalent to one production cycle of sugarcane or six harvests). There are no costs to the farmer, who receives as payment the equivalent of the total recoverable sugar (TRS) content for 12 t ha -1 (on average; sometimes as high as 15 t ha -1 ) of sugarcane, fixed by contract. Independent suppliers, in contrast, are responsible for all operations except mechanical harvesting; they incur all risks but are paid according to the total amount of sugarcane delivered to the mill based on its TRS content. Under these two systems, we estimate that sugarcane profitability ranged between USD 358 and USD 448 ha -1 under land lease (Figure 4a) and USD 1,027 and USD 1,742 for independent suppliers (Figure 4b ) during the period 2007-2011, assuming a production cost of USD 1,155 ha year -1
for a five-year cycle (Miguel et al. 2011 ).
None of the small (< 200 ha) farmers interviewed were cropping or willing to crop sugarcane in the future (themselves or by leasing to mills). They indicated that despite offers from sugarcane mills, it was not tempting for them to shift to sugarcane. This is because in Brazil, sugarcane farmers, whether independent suppliers or leasing their land, are required by mills to follow the Brazilian Forest Code (Código Florestal Brasileiro) so that the mills will not have their image associated with environmental damage. According to the Forest Code, it is mandatory to protect areas close to water sources, such as creeks and rivers, and to maintain 20% of one's farm under natural vegetation. Since small farms use almost all of their land for farming, in particular for pasture, a considerable area would be lost if they were to shift to sugarcane and adhere to these legal requirements, decreasing their income per unit of area. The interviewed small farmers also mentioned other drawbacks: first, the necessity to sell their cattle herds, with which they have strong cultural and sentimental ties; second, there are recurrent large fires in sugarcane, and so for safety reasons they would have to move with their families to the city, drastically changing their lifestyle; and third, dismantling farm infrastructure, such as fences, roads, and corrals, to allow largescale mechanization of sugarcane might involve too large cost to rebuilt.
FIELD ASSESSMENT OF SUGARCANE EXPANSION
In the second survey, we identified the type of land use before the advent of sugarcane cropping in 54 areas covering 30,408 ha (Table II) , representing 57% of the total area cropped with sugarcane in Quirinópolis and Gouvelândia in 2010 (CANASAT 2013) . Of these 30,408 ha of sugarcane, 45.7% (13,906 ha) were pastures before replacement by sugarcane, 31% (8,016 ha) were pastures rotated with soybean or maize and 23.3% (8,486 ha) were cropped only with soybean or maize. Surveyed areas of less than 200 ha were part of larger farms; some had been used as trials for future expansion of sugarcane while others were investments, in which the owner lived in the city or elsewhere and had another sources of incomes. These investor farms were not included as small farms in this study. *These areas represent one or more fields cropped with sugarcane within a farm, and not necessarily the total farm area. Farms with less than 200 ha under sugarcane whose owners live in the city with other sources of incomes are not considered small farms in this study. Moreover, we estimated (data not shown) that sugarcane mills own only 2,500 ha of sugarcane in these counties all together. Although most sugarcane expansion took place over former pastures, there was also an important element of replacement of soybean and maize cropped areas. In Quirinópolis and Gouvelândia, pastures occupy five times more land than soybean and maize; however, according to our survey, the proportion of area under pasture converted to sugarcane compared to that of soybean and maize was 2:1 between 2005 and 2010. Other studies carried out in the same region (Abdala and Ribeiro 2011 , Ferraz et al. 2013 , Barbalho et al. 2013 , have reached similar results: Sugarcane mostly replaces grain crops, demolishing the perception that sugarcane is mainly replacing degraded pastures.
CONCLUSIONS
Farmers' decision to shift or not to shift to sugarcane cannot be explained simply by the existence of degraded pastures that could be repurposed. Instead, sugarcane cropping is related to farm size, lower risk as perceived by farmers, and higher profitability of sugarcane compared with soybean and beef cattle in the studied region. Of 30,408 ha under sugarcane surveyed in 2010, 45.7% used to be pastures before sugarcane introduction, 31% was pastures rotated with soybean and maize, and 23.3% was cropped exclusively with soybean or maize. Sugarcane was not found to put dairy farmers or other smallholders out of business. Restrictions due to environmental law, dismantling of infrastructure, loss of assets, loss of autonomy over their land, and undesired lifestyle changes are among the reasons for dairy cattle's resilience in Quirinópolis and Gouvelândia counties.
